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The first autograft aortic valve replacement was per- 
formed in 1967 by Donald Ross.’ Because the world was 
slow to recognize the qualities of the autograft, how- 
ever, the operation was more or  less exclusively used for 
simple aortic valve disease in children, young women of 
childbearing age, and other young patients with strong 
contraindications against anticoagulation. Until re- 
cently, these strong contraindications included endocar- 
ditis. 
The first Ross operation was performed in 1992 in 
Copenhagen on a 10-year-old boy from Greenland with 
acute aortic valve endocarditis , severe aortic insuffi- 
ciency, and cardiogenic shock. The second Ross opera- 
tion was performed on a 17-year-old boy with a para- 
prosthetic pseudoaneurysm who had undergone four 
previous operations for native and prosthetic aortic 
valve endocarditis. During his last operation, a compos- 
ite graft was inserted according to the Cabrol tech- 
nique, and his coronary arteries were connected via a 
second vascular graft. Our preference for the Ross 
operation was complemented by the successful comple- 
tion of these two complicated operations and our 
positive experience with the unique tissue qualities of 
the autograft for reconstruction of the left ventricular 
outflow Lract (LVOT) and reimplantation of pathologi- 
cal and “naked” coronary arteries. 
From the beginning, the Ross operation became our 
left ventrical outflow tract (LVOT) problem-solving 
operation of choice when facing situations not easily 
and naturally solved by the insertion of a valve prosthe- 
sis or a composite graft,2 and especially for advanced 
destructive aortic valve endocarditis.3 It  was our firm 
conviction that the living autograft would be resistant to 
persistent endocarditis because of its vitality, and to 
recurrent endocarditis because of its lack of structural 
degeneration and good valve f ~ n c t i o n . ~  
Since 1992, we have performed 105 Ross operations, 
35 of which were for active o r  remote endocarditis. I n  
addition to being a mode of reconstruction, autograft 
removal provides unparalleled exposure of the LVOT, 
which is of great importance to the understanding and 
tlebridement of the pathology. The ventricular surface 
of the anterior mitral leaflet is well exposed, and an 
added incision in the roof of the left atrium gives perfect 
exposure of the mitral valve for debridement and repair 
of concomitant mitral valve pathology. Note: we have 
only seen one case of pulmonary valve endocarditis that 
made a Ross operation impossible. 
The General Copenhagen Principles 
for Surgical Treatment of Aortic 
Valve Endocarditis 
State-of-the-art echocardiographic examinations are 
performed with both the transthoracic and the trans- 
esophageal techniques. A final intraoperative trans- 
esophageal examination after induction of anesthesia is 
performed to provide the surgeon with a detailed 
description of the current pathology. We consider 
complete understanding of the pathology and radical 
debridement conditions for successful lasting reconstruc- 
tion. 
In  patients with simple aortic valve endocarditis, or  
pathology confined to the valve cusps, our choice of 
valve substitute follows the same principles as those 
used for aortic valve patients without endocarditis 
because removal of the cusps will satisfy our require- 
ment for total debridement of infected or  necrotic 
tissue I 
In  patients with advanced endocarditis with perival- 
vular invasion and destruction, the Ross operation is 
our primary choice provided the LVOT is of appropri- 
ate size (not larger than 1.1 times the size of a 
pulmonary artery sinutubular junction), and can be 
reconstructed in such a way that the autograft can be 
implanted with good annular support and without 
significant annular distortion or use of foreign material 
in addition to monofilament polypropylene suture mate- 
rial. We do not recommend the Ross operation in cases 
of severe LVOT destruction with substantial proximal 
loss of substance, if there is a need for aortic annulus 
reduction, or for mitral valve replacement with a 
prosthesis. Other secondary choices for reconstruction 
are aortic homograft or  prosthetic valve. LVOT sub- 
stance defects are repaired by autologous pericardium 
irrespective of choice of autograft, homograft or  valve 
prosthesis. Concomitant mitral and/or tricuspid pathol- 
ogy is approached conservatively and repair is at- 
tempted whenever judged possible and safe. 
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SURGICAL TECHNIQUE 
Before beginning the operation, the surgeon must make 
sure of the availability of appropriately sized pulmo- 
nary homografts for  reconstruction of the right ventricu- 
lar outflow tract  (RVOT), as well as  aortic homografts, 
in case the pulmonary valve cannot be used. The  
preoperative antibiotic regimen is continued in cases of 
active endocarditis, whereas patients with remote o r  
healed endocarditis a r e  given the normal perioperative 
prophylaxis, cefuroxim and gentamycin for  2 days. 
Perioperatively aprotinin has  been used in most endo- 
carditis cases, and 4-0 polypropylene monofilament 
sutures a r e  used for  anastomoses, except the coronar- 
ies, in which case 5-0 is used. In children, finer sutures 
are used. 
1 The heart is exposed through a midline ster- 
notomy. It is inspected and any visil.de pathology is 
used to guicle further decision-making and planning 
for the operation. The external diameters of the 
pulmonary artery and aortic sinutubular junctions 
are measured. Although echocardiography allows 
measuring of different dimensions, the final deci- 
sions related to choice of operation and sizing should 
be based on the operative measurement of the 
pulmonary artery sinutubular junction and aortic 
annulusLVOT diameters. The heart is cannulated 
and if there is any suspicion of pathology involving 
thr mitral or tricuspid valves or right atrium, bicaval 
cannulation is recommended; otherwise a two-staged 
venous cannula is excellent. Cardiopulmonary by- 
pass is initiated and the patient is cooled toward 28°C. 
Cardioplegic arrest is initiated by antegrade infu- 
sion, and maintained by retrograde infusion every 20 
mmutes of crystalloid cardioplegic solution (St. Tho- 
mas 11). A left-ventricular or atrial vent is intro- 
duced. A transverse aortotomy is made 1 cm distal to 
the right coronary artery. The further exposure and 
debridement of the pathology follows the preopera- 
tive plan and the macroscopic findings. As the 
operation proceeds and the pathology becomes evi- 
dent, the surgical plan is adjusted. 
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2 When it is verified that pathology extends beyond the valve cusps, 
and the surgeon has decided on either an autograft or homograft root 
replacement, the roqt can be opened up. The coronary buttons are 
excised, the noncoronary sinus is divided down close to annular level and 
stay sutures are placed in the commissures. The anterior leaflet of the 
mitral valve is inspected and the central fibrous body (CFB) and the 
lateral trigone are localized. Necrotic tissue is successively removed. In 
cases of prosthetic valve endocarditis, the prosthesis and old sutures and 
pledgets are carefully removed. Removed tissue and foreign material are 
sent for direct microscopy and cultures. 
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3 Pathology extending leftwards iinder the pulmonary artery can be exposed better by 
dividing the pulmonary artery distally. In this area, it is important to be aware of the 
location and course of the left coronary artery. 
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4 In the area of the CFB, penetration to the right atrium is not uncommon, and the destructive process may 
enter the triangle of Koch, destroying the A-V node and His’ bundle. To completely expose this pathology, the 
right atrial wall may be divided. Further in front of the CFB, penetration will be to the right ventricle. The 
debridement is not completed until all necrotic tissue and old suture material has been removed. The field is 
irrigated with saline. Although removal of the autograft will improve exposure and facilitate further 
debridement, autograft harvesting should not be done until the surgeon is certain that LVOT size 
( c 1 . 1  X pulmonary-artery sinutubular junction) and condition (limited tissue loss proximal to the normal 
suture level) permit safe autograft implantation. 
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5 
necrosis would preclude its use as an autograft. 
The pulmonary valve is inspected and the finding of vegetations and/or transniural 
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6 In case of subpulmonary extension of the endocarditis, the identification of the correct plane of 
dissection may require a bidirectional approach both from above and from the right ventricle. The course 
of the left coronary artery must be repeatedly verified. Most often, the endocarditis process seems to follow 
the normal plane of dissection. The location of the first septa1 artery must not be forgotten. Antegrade and 
retrograde infusion of cardioplegia can be used to guide dissection-bed hemostasis at this stage. 
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7 Following autograft removal, exposure is maximal and debridement is checked and finalized. An 
incision in the roof of the left atrium will provide excellent exposure of the mitral valve for safe 
debridement and repair. However, the mitral valve pathology should be inspected and known to be 
suitable for repair before autograft removal. 
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8 A common secondary mitral*valve pathology is a kissing or jet lesion on the ventricular side of 
the anterior leaflet, which is easily accessable from the aortic root for excision and pericardial patch 
repair. Fistulas to the left atrium, right atrium, and/or right ventricle are repaired. Ideally, a clean 
and healthy looking LVOT is prepared for a standard autograft implantation that exteriorizes 
periannular cavities. 
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9 The importance of the CFB and the lateral trigone as landmarks for appreciation of 
LVOT integrity, appreciation of mitral valve involvement and pathology, choice of suture 
level, orientation of the autograft, and localization of the conduction bundle cannot be 
overestimated in cases with advanced pathogy. 
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10 The aortic annulus is trisected with three sutures placed in the LVOT corresponding to the CFB, 
the lateral trigone, and septum, anteriorly. These sutures are inserted in the autograft in the midcusp 
positions. 
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11 Each third of the circumference is completed with one running suture 
usually requiring 7 to 8 loops. Perfect spacing of the sutures is important. 
Pushing on the trigones stretches and opens the LVOT, facilitating suture 
placement and correct spacing. The suture level should be horizontal. The 
conduction bundle is localized, where it penetrates under the CFB and is placed 
anteriorly on the septum below' the membraneous part. The autograft is gently 
pulled down and the sutures are tied. 
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12 The coronary arteries are carefully placed, oriented, and anastomosed to small 
circular holes in the autograft in anatomic positions. Rotation is avoided by maintaining the 
U-shape of the buttons until suturing begins and they are rounded off. 
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13 The autograft to ascending aorta anastomosis should have the same diameter as that of 
the pulmonary (autograft) sinutubular junction. Twisting is avoided by maintaining the 
correct orientation in relation to the placement of the left coronary artery in the autograft. 
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14 Often the ascending aorta is larger, and the size is reduced by the simple excision of 
the surplus tissue. The RVOT is reconstructed with a pulmonary homograft of the same 
size or larger. The distal anastomosis is performed before the autograft to ascending aorta 
anastomosis to get perfect exposure. The proximal anastomsis to the RVOT may be 
performed at  this stage or after removal of the aortic cross-clamp, to facilitate perfected 
hemostasis in the autograft dissection bed. The heart is deaired, and the aortic crossclamp 
is removed. The surgeon will know if autograft valve competency is acceptable immediately 
following removal of the aortic crossclamp. If found unacceptable, the left ventricle will be 
distended and manual compression required to keep the ventricle empty. The patient is 
rewarmed and a left atrial line, two atrial electrodes, two ventricular electrodes, and two 
niediastinal drains are placed. The patient is weaned from cardiopulmonary bypass and 
venous cannulas are removed. Autograft function is documented by transesophageal 
echocardiography after weaning the patient from cardiopulmonary bypass. Hemostasis is 
looked after before protamine i4  administered, after which a period of expectation without 
suctioning and active hemostatic efforts is recommended. Bleeding from autograft 
anastomoses should be uncommon. To control anastomotic bleeding, superficial partial 
wall thickness U-sutures (5-0 or 6-0) are effective. Transmural suturing in the pressurized 
antograft disturbs the harmony of the anastomosis, stresses the delicate autograft tissue, 
and can be dangerous. Felt and pledgets are not used. 
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Postoperative Management and Follow-up 
During the first 6 to 8 hours after the operation, 
systemic blood pressure should be controlled, and 
systolic pressure above 120 mm Hg and mean pressure 
above 80 mm Hg, avoided. Early extubation, 2 to 3 
hours postoperatively, is recommended provided the 
patient is stable and bleeding is accepable. In the case of 
an active infection, antibiotics are given for at least 2 
weeks postoperatively. In  cases of remote or  healed 
endocarditis, only the normal perioperative prophy- 
laxis is given. No anticoagulation agent is given postop- 
eratively, unless there is another indication for its use. 
A follow-up echocardiographic examination of the auto- 
graft and homograft function is performed after 3, 6, 
and 12 months, and then once a year. Whether or  not 
these patients require prophylactic antibiotics like other 
valve-operated patients is not known. However, we do 
recommend them for those with autograft insufficency 
of grade I or worse. 
COMMENTS 
The use of the Ross operation in patients with endocar- 
ditis was independently initiated in Austin5 and Copen- 
hagen.3 The two series presently include 70 patients 
with excellent early results regarding survival, auto- 
graft function, and lack of persistent and recurrent 
endocarditis. The key to the success was the understand- 
ing of the surgical anatomy. In  this respect, the recogni- 
tion of the CFB and the lateral trigone as landmarks is 
very important. Even in cases with advanced pathology, 
the landmarks are identifiable and the majority of the 
patients (but not all) have a well-preserved LVOT, 
without significant loss of substance permitting stan- 
dard autograft (or homograft) implantation.6 The devel- 
opment of our implantation technique was influenced 
by basic surgical principles for management of infec- 
tions: radical debridement, drainage, use of living 
tissue for reconstruction, and avoidance of foreign 
material. 
Today most surgeons regard reconstruction with an  
aortic homograft as the treatment of choice for ad- 
vanced aortic valve endocarditis .7 Aortic homograft 
implantation is technically less demanding than auto- 
graft implantation, but uses the same considerations in 
relation to orientation, sizing, and annular support. 
The attached mitral valve may be used to replace tissue 
loss, autograft harvesting and RVOT problems are 
avoided, and the aortic cross-clamp time will be some- 
what shorter. The experience of homograft implanta- 
tion is valuable for surgeons interested in using the Ross 
method. 
The homograft’s short- and medium-term resistance 
against reinfection is well Although in 
this respect the performance of the homograft may be 
difficult to match, the autograft’s incidence of endocar- 
ditis with subcoronary implantation reported is still 
10w’~J’ and the early incidence with root replacement is 
lower probably because of better primary autograft 
function. We expect autograft durability to be better 
than that of the h0mograft.l’ The mean age of our 
endocarditis patients is 49 years and use of a homograft 
would mean that the majority of these patients would 
need a future operation for homograft replacement. 
However, use of a homograft during the primary 
operation does not preclude a Ross operation the 
second time. In  cases of severe LVOT destruction with 
loss of substance, the homograft is probably a safer 
choice; however, with the exception of this small sub- 
group, the autograft is our valve of choice for patients 
with advanced endocarditis. 
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